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FOREWORD

This Interim Technical Standard is published by the National Aeronautics and Space
Administration (NASA) to provide uniform engineering and technical requirements for
processes, procedures, practices, and methods to meet urgent program and project technical
needs. This Interim Standard has the consensus of the developing Technical Working Group
but does not have Agency-wide concurrence required for a NASA Technical Standard.

This Interim Standard is approved for use by NASA Headquarters and NASA Centers,
including Component Facilities and Technical and Service Support Centers.

This Interim Standard establishes requirements for evaluation, testing, and selection of
materials that are intended for use in space vehicles, associated Ground Support
Equipment (GSE), and facilities used during assembly, test, and flight operations.
Included are requirements, criteria, and test methods for evaluating the flammability,
offgassing, and compatibility of materials. Provisions of this standard will be included, as
applicable, in all future contracts and programs involving space vehicles, payloads, and
associated support equipment. NASA-STD-6001 was previously published as NHB
8060.1, Flammability, Odor, Offgassing, and Compatibility Requirements and Test
Procedures for Materials in Environments that Support Combustion.

Requests for information, corrections, or additions to this Interim Standard should be
submitted via “Feedback” in the NASA Standards and Technical Assistance Resource Tool at
http://standards.nasa.gov.

Original Signed By: 11-10-2009
Michael Ryschkewitsch Approval Date
NASA Chief Engineer
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FLAMMABILITY, OFFGASSING, AND COMPATIBILITY
REQUIREMENTS AND TEST PROCEDURES

1. SCOPE

1.1 Purpose

The purpose of this Interim Standard is to establish National Aeronautics and Space
Administration (NASA) program requirements for evaluation, testing, and selection of
materials to preclude unsafe conditions related to flammability, offgassing, and fluid
compatibility. Additional materials performance requirements may be specified in other
program or NASA Center-specific documentation.

1.2  Applicability
This Interim Standard is applicable to the following:

1.2.1 Materials intended for use in space vehicles, specified test facilities, and specified
Ground Support Equipment (GSE) shall meet the requirements of this document.

1.2.2 Responsible NASA Centers’ materials and processes (M&P) organizations shall
include applicable requirements of this document in their materials control programs.

This Interim Standard is approved for use by NASA Headquarters and NASA Centers,
including Component Facilities and Technical and Service Support Centers, and may be cited
in contract, program, and other Agency documents as a technical requirement. This Interim
Standard may also apply to the Jet Propulsion Laboratory or to other contractors, grant
recipients, or parties to agreements only to the extent specified or referenced in their contracts,
grants, or agreements.

Requirements are numbered and indicated by the word “shall.” Explanatory or guidance text
is indicated in italics beginning in section 4.

1.3 Tailoring
Tailoring of this Interim Standard for application to a specific program or project shall be

formally documented as part of program or project requirements and approved by the
Technical Authority.

This document represents the technical consensus of the
developing group but does not yet have final NASA approval.
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2. APPLICABLE DOCUMENTS
2.1 General

The documents listed in this section contain provisions that constitute requirements of this
Interim Standard, as cited in the text.

2.1.1 The latest issuances of cited documents shall apply unless specific versions are
designated .

2.1.2 Non-use of specific versions as designated shall be approved by the responsible Technical
Authority.

The applicable documents are accessible via the NASA Technical Standards System at
http://standards.nasa.gov or may be obtained directly from the Standards Developing
Organizations or other document distributors.

2.2 Government Documents
NASA

NASA-STD-(I)-5005 Standard for the Design and Fabrication of Ground
Support Equipment

NASA-STD-(I)-6016  Standard Materials and Processes Requirements for

Spacecraft
NASA/TM-2007- Guide for Oxygen Compatibility Assessments on Oxygen
213740 Components and Systems
NPD 7100.8 Protection of Human Research Subjects
NPR 7100.1 Protection of Human Research Subjects

Department of Defense

MIL-PRF-25604 Propellant, Uns-Dimethylhydrazine
MIL-PRF-26536 Propellant, Hydrazine
MIL-PRF-26539 Propellants, Dinitrogen Tetroxide

This document represents the technical consensus of the
developing group but does not yet have final NASA approval.
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23

MIL-PRF-27402

MIL-PRF-27404

MIL-STD-2223

NASA-STD-(I)-6001B

Propellant, Hydrazine-Uns-Dimethylhydrazine (50% N,H4
—50% UDMH)

Propellant, Monomethylhydrazine

Test Methods for Insulated Electric Wire (Method 3007,
Dry Arc-Propagation Resistance only)

Non-Government Documents

ASTM International (ASTM)

ASTM D92-05a

ASTM D240-02
(reapproved 2007)

ASTM D1310-01
(reapproved 2007)

ASTM D2863-06a

ASTM D4809-06

ASTM E502-07

ASTM E1354-04a

ASTM G72-01

Standard Test Method for Flash and Fire Points by
Cleveland Open Cup Tester

Standard Test Method for Heat of Combustion of Liquid
Hydrocarbon Fuels by Bomb Calorimeter

Standard Test Method for Flash Point and Fire Point of
Liquids by Tag Open-Cup Apparatus

Standard Test Method for Measuring the Minimum
Oxygen Concentration to Support Candle-Like
Combustion of Plastics (Oxygen Index)

Standard Test Method for Heat of Combustion of Liquid

Hydrocarbon Fuels by Bomb Calorimeter (High Precision
Method)

Standard Test Method for Selection and Use of ASTM
Standards for the Determination of Flash Point of
Chemicals by Closed Cup Methods

Standard Test Method for Heat and Visible Smoke
Release Rates for Materials and Products Using an
Oxygen Consumption Calorimeter

Standard Test Method for Autogenous Ignition
Temperature of Liquids and Solids in a High-Pressure
Oxygen-Enriched Environment

This document represents the technical consensus of the
developing group but does not yet have final NASA approval.
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ASTM G74-01 Standard Test Method for Ignition Sensitivity of Materials
to Gaseous Fluid Impact

ASTM G86-98a Standard Test Method for Determining Ignition

(reapproved 2005) Sensitivity of Materials to Mechanical Impact in Ambient

Liquid Oxygen and Pressurized Liquid and Gaseous
Oxygen Environments

ASTM G124-95 Standard Test Method for Determining the Combustion

(reapproved 2003) Behavior of Metallic Materials in Oxygen-Enriched
Atmospheres

ASTM G125-00 Standard Test Method for Measuring Liquid and Solid

Material Fire Limits in Gaseous Oxidants
International Organization for Standardization (ISO)

ISO 14624-1:2003 Space systems — Safety and compatibility of materials —
Part 1: Determination of upward flammability of materials

ISO 14624-2:2003 Space systems — Safety and compatibility of materials —
Part 2: Determination of flammability of electrical-wire
insulation and accessory materials

ISO 14624-3:2005 Space systems — Safety and compatibility of materials —
Part 3: Determination of offgassed products from
materials and assembled articles

Society of Automotive Engineers International (SAE)

SAE AS4373 Test Methods for Insulated Electric Wire (Method 508,
Dry Arc-Propagation Resistance only)

24 Order of Precedence

This Interim Standard establishes requirements for evaluation, testing, and selection of
materials to preclude unsafe conditions related to flammability, offgassing, and fluid
compatibility but does not supersede nor waive established Agency requirements found in
other documentation.

2.4.1 Conflicts between this Interim Standard and other requirements documents shall be
resolved by the responsible Technical Authority.

This document represents the technical consensus of the
developing group but does not yet have final NASA approval.
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3.  ACRONYMS AND DEFINITIONS

3.1 Acronyms and Abbreviations

HRE AVIAIV g 8

cal

cm
CO,
DSC
ft
ft-1b
FTIR

GN,
GOX
GSE
HDBK
hr

IEC

in

ISO

JSC

Ib
Ibf

degree Celsius

degree Fahrenheit

equal to or greater than

equal to or less than

greater than

less than

micro

percent

plus or minus

aerozine 50

ASTM International (originally known as the American Society for
Testing and Materials)

calorie

cubic centimeter

centimeter

carbon dioxide

differential scanning calorimetry
foot, feet

foot pound
Fourier transform infrared spectroscopy

gram
gaseous nitrogen

gaseous oxygen

Ground Support Equipment

handbook

hour

International Electrotechnical Commission
inch

International Organization for Standardization
joule

Johnson Space Center

kilo

liter

pound

pound-force

This document represents the technical consensus of the
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LOX
M&P
M

m
MAPTIS
mg
min
ml
MLW
mm
MMH
MOP
MSDS
MSEFC
MUA
N,H4

NASA
NVR

OCA
OSHA
oz

ppb
ppm
ps1
psia
psig
RMS
rpm
SAE
Sec
SMAC
STD

TC
™

NASA-STD-(I)-6001B

liquid oxygen

materials and processes

mega

meter

Materials and Processes Technical Information System
milligram

minute

milliliter

maximum limit weight

millimeter

monomethylhydrazine

Maximum Operating Pressure

Material Safety Data Sheet

Marshall Space Flight Center

Materials Usage Agreement

hydrazine

newton

National Aeronautics and Space Administration
nonvolatile residue

oxygen

oxygen compatibility assessment
Occupational Safety and Health Administration
ounce

minimum contact pressure

parts per billion

parts per million

pounds per square inch

pounds per square inch absolute

pounds per square inch gauge

root mean square

revolutions per minute

Society of Automotive Engineers International
second

spacecraft maximum allowable concentration
standard

toxic hazard index

thermocouple

technical memorandum

This document represents the technical consensus of the
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UDMH unsymmetrical dimethylhydrazine

\Y% volt

v linear surface velocity

VCS voluntary consensus standard
w watt

3.2 Definitions

Test-specific definitions are also presented in descriptions of individual tests (section 7 and
Appendix A).

Ambient (room) temperature: Room temperature is 23 (£5) °C [73 (£9) °F].

Arc: A continuous, luminous discharge of electric current crossing a gap between
two conducting surfaces.

Arc tracking (Arc propagation): That phenomena whereby an arc between two or
more wires, once initiated, will sustain itself through a conductive path provided by
degradation of the insulation for a measurable length.

Assembled article: An assembled article could be any component or assembly of
components that is not a single material.

Autoignition temperature: The lowest temperature at which a material will
spontaneously ignite under specific test conditions.

Degradation: An adverse physical or chemical change in a substance.

Enriched oxygen environment: Any environment that contains >21 percent
oxygen by volume.

Flash point: The lowest temperature, corrected to a barometric pressure of
101.3 kPa (14.7 psia) at which application of an ignition source causes the vapors of a
specimen to ignite under specified conditions of test.

Gaseous fluid impact: Heat delivered to a specimen by rapid fluid compression;
may also be referred to as pneumatic impact, rapid pressurization, or adiabatic
compression.

Gaseous oxygen (GOX): Gaseous environment that contains >99.5 percent
oxygen.

This document represents the technical consensus of the
developing group but does not yet have final NASA approval.
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Hermetically sealed: Contained such that the leak rate does not exceed
1x10™ cc/sec.

Liquid oxygen (LOX): Cryogenic liquid environment that contains >99.5 percent
oxygen.

Mechanical impact: Energy delivered by a plummet that has been dropped from a
pre-established height onto a striker pin in contact with a specimen.

Offgassed product: An organic or inorganic compound evolved as a gas from a
material or assembled article.

Offgassing: The evolution of gaseous products from a liquid or solid material
into an atmosphere.

Oxygen Compatibility Assessment (OCA): A systematic approach for identifying
and addressing the fire hazards in an oxygen system; this process emphasizes the
evaluation of ignition mechanisms and the application of materials test data.

Single-barrier failure: A leak through a barrier within a component that permits
the fluid to contact the materials directly behind the barrier. Single barriers include
mechanical joints, e.g., B-nuts; O-rings, gaskets, and bladders; and metallic and
nonmetallic diaphragms. Structural parts, such as pressure lines and tanks, welded or
brazed joints, and redundant seals in series that have been pressure-tested individually
before use are not considered to be single barriers.

Spacecraft Maximum Allowable Concentration (SMAC): The maximum
concentration of an offgassed product that is allowed in the habitable area of the
spacecraft for a specified duration.

Technical Authority: The Technical Authority provides technical checks and
balances by assuring that safety and mission success, relevant technical standards,
engineering work, and safety and reliability analysis products are being conducted
properly in accordance with established, high-reliability processes independent of
nontechnical program/project constraints.

Voluntary Consensus Standard (VCS): Technical standard that is developed or
adopted by voluntary consensus standard bodies, both domestic and foreign.

Worst-case anticipated use environment: Most hazardous pressure, temperature,
material thickness, and/or fluid exposure conditions.

This document represents the technical consensus of the
developing group but does not yet have final NASA approval.

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED

150f 110



NASA-STD-(I)-6001B

4. EVALUATION AND TESTING OF MATERIALS

4.1 Material Evaluation Requirements

a. Materials used in habitable areas of spacecraft, including the materials of the
spacecraft, stowed equipment, and experiments, shall be evaluated for flammability and
offgassing.

b. All materials used in other areas shall be evaluated for flammability.

c. Materials that are exposed to LOX, GOX, and other reactive fluids shall be
evaluated for compatibility with the fluid in their use application.

d. Materials exposed to pressurized breathing gases also shall be evaluated for
offgassing.

e. Electrical insulation materials also shall be evaluated for arc tracking.

f. The worst-case anticipated use environment (most hazardous pressure,
temperature, material thickness, and fluid exposure conditions) shall be used in the
evaluation of material suitability.

Materials that have been shown to meet the criteria of the required tests are acceptable
for further consideration in design.

Whenever possible, materials should be selected that have already been shown to meet the
test criteria in the use environment.

Existing test data are compiled in the NASA Marshall Space Flight Center (MSFC)
Materials and Processes Technical Information System (MAPTIS). MAPTIS can be
accessed at http://maptis.nasa.gov/.

4.2  Materials Usage Agreement (MUA)

a. Systems containing materials that have not been tested or do not meet the
criteria of the required tests shall be verified to be acceptable in the use configuration by
analysis or testing.

b. An MUA shall be prepared in accordance with the MUA system described in
NASA-STD-(1)-6016, Standard Materials and Processes Requirements for Spacecraft, for
flight hardware; or NASA-STD-(I)-5005, Standard for the Design and Fabrication of
Ground Support Equipment, for GSE.

This document represents the technical consensus of the
developing group but does not yet have final NASA approval.
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c. The MUA shall document the acceptance rationale.

d. The MUA shall be submitted to the responsible NASA Center’s M&P
organization for approval.

S.  APPLICABLE MATERIAL TESTS

The applicable material test depends on the environment to which the material is exposed.
Applicable environments are habitable environments, LOX and GOX systems, breathing
gases, and reactive fluids.

a. Required tests shall be conducted on materials in their applicable exposure
conditions.

b. To be considered acceptable for use without restriction, the materials shall pass
the required tests.

All nonmetals tested in accordance with NASA-STD-(1)-6001 should be retested every 10
years or as required by the responsible NASA Center’s M&P organization.

Table 1 lists the required tests for each material use. Descriptions of these test methods
are provided in section 7.

Table 1—Required Tests for Each Material Use

ENVIRONMENT | TEST NUMBER TITLE
Habitable Flight 1 Upward Flame Propagation
Compartments 4 Electrical Wire Insulation Flammability
7 Determination of Offgassed Products'
18 Arc Tracking
Other Areas” 1 Upward Flame Propagation
Electrical Wire Insulation Flammability
18 Arc Tracking
LOX and GOX 1 Upward Flame Propagation’
Environments™* 17 Upward Flammability of Materials in GOX°
Breathing Gases" 1 Upward Flame Propagation
7 Determination of Offgassed Products
Reactive Fluids 15 Reactivity of Materials in Hydrazine,
Monomethylhydrazine, Unsymmetrical
Dimethylhydrazine, Aerozine 50, Nitrogen
Tetroxide, and Ammonia
"Not required for materials inside hermetically sealed containers.

This document represents the technical consensus of the
developing group but does not yet have final NASA approval.
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*Includes all areas outside the habitable flight compartment.

? Materials used in LOX or GOX environments shall be evaluated as described in section 6.3.

*The need for an OCA, as described in section 6.3, shall be addressed for compressed air
systems and pressurized systems containing enriched oxygen.

> Required for nonmetals for pressures <345 kPa (<50 psia).

%Required for nonmetals for pressures >345 kPa (>50 psia) and for all metals used in GOX and
LOX

c. Materials that do not meet the criteria of the required tests and that are to remain
candidates for use shall be verified to be acceptable in the use configuration by analysis or
testing and specifically approved by the responsible NASA Center’s M&P organization.

Supplemental tests may be conducted to support the system hazard evaluation for
materials that do not meet the criteria of the required tests; data based on other
appropriate and applicable test methods also may be used to support the evaluation. In
addition, supplemental tests may be required as an aid to the OCA process or as a result
of the findings of the OCA process.

Table 2 lists the supplemental tests for each material use.

Table 2—Supplemental Tests for Each Material Use

ENVIRONMENT | TEST NUMBER TITLE
Habitable Flight 2 Heat and Visible Smoke Release Rates
Compartments 3 Flash Point of Liquids
6 Odor Assessment
10 Simulated Panel or Major Assembly Flammability
Electrical Arc
Other Areas 2 Heat and Visible Smoke Release Rates
3 Flash Point of Liquids
LOX and GOX 13A Mechanical Impact For Materials in Ambient
Environments Pressure LOX
13B Mechanical Impact for Materials in Variable Pressure
LOX and GOX
14 Gaseous Fluid Impact
ASTM G72-01 | Autogenous Ignition Temperature
ASTM D240-02 | Heat of Combustion
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Reactive Fluids - Reactivity and Penetration of Materials due to
Incidental Exposure to Hydrazine,
Monomethylhydrazine, Unsymmetrical
Dimethylhydrazine, Aerozine 50, Nitrogen Tetroxide,
and Ammonia

3 Flash Point of Liquids

d. When specified by the responsible NASA Center’s M&P organization, materials
shall be batch/lot tested until the effect of composition and materials processing variations are
demonstrated to be insignificant to the characteristics being evaluated.

6. SYSTEM EVALUATIONS

a. System evaluations shall demonstrate the acceptability of configurations
resulting from the use of flammable, incompatible, or offgassing materials.

b. Materials that can be exposed to reactive fluids as a result of a single-barrier
failure shall be documented.

c. An engineering evaluation and analysis of test data shall be provided to
demonstrate the acceptability of any configuration for which single-barrier failures are
possible.

6.1 System Flammability in Low-Pressure Air or Oxygen-Enriched Environments,
Including Habitable Environments

6.1.1 A system flammability evaluation shall be conducted if materials that fail to meet the
criteria of Test 1 are proposed for use in human-occupied spacecraft, specified test facilities,
or specified GSE.

This evaluation can be conducted by analysis or by testing. JSC 29353, Flammability
Configuration Analysis for Spacecraft Applications, provides guidelines for hardware
flammability assessment and mitigation.

6.1.2 If the analytical approach is used, the following fire control guidelines shall be
addressed and the results documented and submitted to the responsible NASA Center’s M&P
organization for evaluation:

a. The amount and arrangement of flammable materials are controlled to prevent

the spread of fire in the vehicle; any potential fire is isolated in well-defined areas, by
firebreaks or other techniques, without propagation paths to other areas.
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b. The design ensures that ignition sources are eliminated or controlled.

c. The effects of an isolated fire on personnel in spacecraft crew-habitable
modules are considered.

d. The rate and magnitude of pressure and temperature increase in any potential
fire will not cause structural damage to the vehicle.

6.1.3 If the test approach is used, materials that do not meet the criteria of Test 1 shall be
evaluated by a configuration test, such as Test 10, which evaluates the worst possible
failure modes in the worst-case operating conditions.

6.1.4 If the results of the evaluation are inconclusive and a major assembly flammability
test, such as a crew module test, is required, the system design organization shall submit a
test plan to the responsible NASA Center’s M&P organization for approval before test.
6.2  Spacecraft Offgassing

System evaluation requirements for bulk materials/assembled articles are specified in
section 7.3.

Total spacecraft offgassing evaluation is the responsibility of the NASA Toxicology Olffice.
6.3  Material and Component Compatibility in LOX and GOX Environments

6.3.1 Materials, components, and systems used in LOX and GOX environments shall be
evaluated using the approach shown in figure 1.

6.3.2 OCA

a. The need for an OCA shall be addressed for compressed air systems and
pressurized systems containing enriched oxygen.

Such systems are inherently less hazardous than systems containing pure oxygen; the
hazard increases with oxygen concentration and/or increasing pressure.

b. Ifitis determined that an OCA is not required, concurrence shall be obtained
from the responsible NASA Center’s M&P organization.

This approach begins with pre-selection of materials based on flammability and
combustion test data, followed by a flammability assessment. If the materials are
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determined to be nonflammable in their use configuration and environment and no
additional material control is required, the materials may be used.

6.3.3 If the materials are determined to be flammable, an OCA shall be performed in
accordance with NASA/TM-2007-213740, Guide for Oxygen Compatibility Assessments

on Oxygen Components and Systems.

The OCA is used to determine whether the material may be used or whether there is a
need to perform supplemental material, configuration, or component testing.
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Pre-select materials using the following test data:

Required: Test 1 [for non-metals in environments <345 kPa (<50 psia)]
or Test 17 data

Supplemental: Autogenous Ignition Temperature (ASTM G72-01),
Heat of Combustion (ASTM D240-02),
Oxygen Index (ASTM G125-00), and
ignition mechanism test data

Are materials
flammable in use

Yes

configuration and
environment?
(Notes 1, 2),

¥

Conduct oxygen
compatibility asssessment
in accordance with
NASA/TM-2007-213740
(Note 2)

f

Are the

Is additional

No material control pre-selected materials
required? acceptable?
(Note 3)
Yes
I
Y ! -
A Perform appropriate No
. Conduct material/configuration/
Use material evaluation Yes component testing

\

Select another
material

Do changes/test
results lead to
acceptable
materials?

Notes:
1. Data used to assess material flammability must be applicable to the specific configuration of the parts: therefore, data other than
standard test data may be required.
2. Consult the responsible M&P organization to ensure that the testing data used to make flammability and ignitabilily assessments
are applicable to the specific design configuration.
3. Additional material control refers to requirements from sources other than NASA-STD-(1)-6001. such as corrosion requirements.

Figure 1—Approach for Selecting Materials, Components, and Systems used in
LOX and GOX Environments
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6.3.4 Further details for several steps in the material and component evaluation process
are:

a. Pre-Selection of Materials. As a minimum, previously untested nonmetallic
materials shall be subjected to autogenous ignition temperature and heat of combustion
testing.

The objective of the pre-selection process is to choose materials that exhibit desirable
flammability and combustion characteristics. For instance, materials that do not burn in
the specific environment and configuration are preferred for oxygen service. In addition,
nonmetals that have high autogenous ignition temperatures, low heats of combustion, and
high oxygen indices are preferred for oxygen service. Other data that may be useful in the
pre-selection of materials for LOX and GOX environments include data for specific
ignition mechanisms, such as particle impact, gaseous fluid impact, and mechanical
impact.

b. Flammability Assessment. Data used to assess material flammability shall be
applicable to the specific environment and configuration of the parts.

(1) If the flammability or configuration of the materials is unknown, the
materials shall be considered flammable.

(2) The responsible NASA Center’s M&P organization shall be consulted to
ensure that the data used to make flammability assessments are applicable
to the specific design configuration.

In general, as pressure increases, all materials (metals, plastics,
elastomers, lubricants, and contaminants) become flammable in

100 percent oxygen. In addition, almost all polymers are flammable in 100
percent oxygen at atmospheric pressure. Furthermore, the flammability of
a material is very dependent upon its configuration. For instance, metals,
including those that normally exhibit high resistance to ignition, are more
flammable in oxygen when they have thin cross-sections, such as thin-
walled tubing, or when they are finely divided, such as wire mesh or
sintered filters. When assessing flammability, therefore, it is important to
reference a cross-sectional view of each component that shows the
configuration of all of the materials of construction.
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c. OCA

(1) The responsible NASA Center’s M&P organization shall be consulted to
ensure that the data used to make ignitability assessments are applicable to
the specific design configuration.

(2) The results of the OCA shall be documented and submitted to the
responsible NASA Center’s M&P organization for concurrence.

(3) An MUA, if applicable, shall be used to submit the OCA results.

(4) The hardware developer shall verify that the materials assessed in the OCA
reflect the as-built design.

The OCA process described in NASA/TM-2007-213740 is a systematic
approach that focuses on fire hazards. This process emphasizes the
evaluation of ignition mechanisms and the application of materials test
data.

Supplemental tests may be performed as an aid to the OCA process or as a
result of findings of the OCA process. These tests may be material tests,
configuration tests, or component tests. Guidelines for supplemental tests
can be obtained from the responsible NASA Center’s M &P organization.
6.4  Materials Compatibility in Systems Containing Reactive Fluids
Test 15 is intended to be a short-term exposure test.
6.4.1 A system evaluation shall be conducted for all systems containing reactive fluids.
6.4.2 Materials used in system construction shall be evaluated for compatibility with the
fluid to which they are to be exposed, as well as compatibility with the fluid

decomposition products.

The effects of single-barrier failures should be considered as part of this system
evaluation.

6.4.3 Evaluations shall be supported by analysis, by Test 15 data, and when necessary,
by more extensive long-duration and/or configuration-specific testing.

6.4.4 The analytical approach shall examine all possible sources of runaway exothermic
reactions, develop control methods, and document the results.
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Possible initiation sources for runaway exothermic reactions include mechanical impact,
rapid pressurization, sources of electrical energy, and other sources of heat.

6.4.5 The rationale for use of materials that fail to meet the criteria of Test 15 shall be

documented and submitted to the responsible NASA Center’s M&P organization for
approval.

Guidelines for configuration tests to evaluate runaway reactions in reactive fluid systems
can be obtained from the responsible NASA Center’s M &P organization.

7. TEST METHODS

Methods for required flammability, offgassing, and compatibility tests are presented in
this section.

a. Tests shall be performed by certified test facilities.

(1) The test facility shall demonstrate good laboratory practices to produce
accurate and repeatable test data.

(2) Good laboratory practices shall include calibration and maintenance
procedures.

(3) Atleast every 2 years, test facilities shall demonstrate testing proficiency to
maintain certification in accordance with Appendix B.

b. Properly identified material for testing shall be provided by the responsible

NASA Center or contractor hardware supplier and accompanied by a test request form
similar to that provided in Appendix D.

Alternatively, certified test facilities can be authorized by the test requester to procure the
appropriate materials.

c. Material and Specimen Receipt and Preparation.
(1) Materials shall be accompanied by Material Safety Data Sheets (MSDSs) to
comply with materials-handling requirements defined by the Occupational

Safety and Health Administration (OSHA).

(2) Material specimens shall be visually inspected, and any flaws or
contamination shall be noted in the test report.
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Materials and configured system characteristics can be significantly
compromised by sources of contamination, such as exposure to solvents,
cleaning agents, abnormal temperatures, variations in humidity,
environmental pollutants, particulates, and handling. It is important that
exposure of the material to these and other contamination sources be
controlled sufficiently to minimize variation in test results.

(3) Specimens shall be prepared in the proper dimensions.

(4) Specimens shall be weighed and identified individually.

(5) Specimens shall be cleaned to end-use specifications.

(6) Specimens shall be inspected after preparation to ensure suitability for the
specific test requested.

(7) As a minimum, all fluids used for testing shall meet or exceed user

specifications.

d. When there is a deviation from standard test parameters, such as nonstandard
specimen preparation or test conditions, the test shall be identified as nonstandard.

Table 3 lists the minimum quantities of material required to perform each test properly.

Table 3—Minimum Quantities of Materials Required for Testing for

Each Atmosphere or Fluid

TRESTT %1({)11?1\1/11 TEST MINIMUM QUANTITIES
Solids (sheet, 1 6 specimens, 30 by 6.4 cm (12 by 2.5 in) by required thickness [thin
rod, etc.) films, 30 by 7.5 cm (12 by 3.0 in) by required thickness”]
2 18 specimens, 10 by 10 cm (4 by 4 in) by required thickness
6 1500 cm? (232.5 in®) total area or 15 g (0.5 0z)
7 4000 cm” (620 in®) total area or 40 g (1.4 0z)
13 1000 cm’ (155 in) total area, 0.64 cm (0.25 in) maximum thickness
or individual specimen diameter of 1.75 cm (0.69 in)
15 50 cm? (7.75 in®) total area or 20 g (0.7 0z) by required thickness
17 15 specimens, 10.2-cm (4-in) (minimum) by 0.32-cm (0.125-in)
diameter rods
Coatings 1 Sufficient to cover [paints, 6 specimens, 30 by 6.4 cm (12 by 2.5 in)
(Paints, by required thickness]
21(11(}51’ apd ) 2 18 specimens, 10 by 10 cm (4 by 4 in) by required thickness
esives
6 1500 cm? (232.5 in®) total area or 500 ml (16.9 0z)
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7 4000 cm’ (620 in?) total area or 500 ml (16.9 oz)
13 500 ml (16.9 oz)
15 500 ml (16.9 oz)
Foams 1 6 specimens, 30 by 6.4 cm (12 by 2.5 in) by required thickness
2 18 specimens, 10 by 10 cm (4 by 4 in) by required thickness
6 1500 cm? (232.5 in?) total area
7 4000 cm’ (620 in®) total area
13 1000 cm? (155 in®) total area [0.64 cm (0.25 in) maximum thickness]
15 50 cm? (7.75 in) total area or 20 g (0.7 0z)
Insulated 2 m (6.6 ft) in length
Wires
4 10 m (33 ft) in length
15 g (0.5 0z)
7 40 g (1.4 0z)
13 250 cm (98 in) in length
15 1 m (3.3 ft) in length
18 70 m (230 ft) in length
Special 3 As recommended by selected ASTM test method
Requi t i
equiremen Gaseous Fluid As recommended by the OCA or by the test requester
Impact
Autogenous
Ignition 10 g (0.35 oz)
Temperature
Heat of
Combustion 10g (0.35 0z)
Oxygen Index | Asrecommended by ASTM G125-00; when using ASTM D2863-
06, 25 specimens, 15.2 cm by 6.4 cm (6 by 2.5 in) or equivalent
amount of material
Frlctlgnal As recommended by the OCA or by the test requester
Heating

Particle Impact

As recommended by the OCA or by the test requester

TActual test configurations and material quantities for material forms other than those listed. e.g., O-rings
and seals, should be established and approved by the responsible NASA Center’s M&P organization.
*When influence of test frame on results is of concern, optional large thin films of 30 by 20 cm (12 by
8 in) by required thickness may be used, subject to the approval of the responsible NASA Center’s
M&P organization.

7.1 Upward Flame Propagation (Test 1)

VCS adopted and tailored.
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7.1.1 Purpose

The purpose of this test is to determine if a material, when exposed to a standard ignition
source, will self-extinguish and not transfer burning debris, which can ignite adjacent
materials.

7.1.2 Test Summary

a. Test 1 shall evaluate the candidate material in the worst-case atmosphere to
which the material could be exposed.

b. Five test specimens, each with dimensions of 300 mm by 65 mm (12 in by
2.5 in) and tested one at a time, shall be mounted vertically in a test stand.

c. The specimens shall be ignited at the bottom by an ignition system and allowed
to burn until each self-extinguishes.

d. The burn length, i.e., the linear distance of consumed specimen, shall be
measured.

e. Both the burn length and whether or not ignition of the paper occurred by a
transfer of burning debris shall be recorded on the test report (figure 2.)
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Figure 2—Flammability Post-Test Specimen

7.1.3 Test Criteria

a. The flammability test specimens shall meet the acceptance criteria of the test
and be considered self-extinguishing if both of the following conditions are met:

(1) No specimen material of the five standard-sized specimens burns
>15 cm (6 in).

(2) No test specimen propagates a flame by the transfer of burning debris.

b. Failure of any one specimen to meet both criteria [7.1.3.a.(1) and (2)] shall
constitute failure of the material.

7.1.4 Test Method

The test method defined in ISO 14624-1, Space systems — Safety and compatibility of
materials — Part 1: Determination of upward flammability of materials, shall be followed
for this test, with the following exceptions, clarifications, and additions:
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The relevant ISO 14624-1 section is included in parentheses.

a. Exception (throughout): One test shall consist of five replicate, identical
specimen ignitions.

The term “specimen” is used to indicate one standard-sized section of a material used for
testing. The Upward Flame Propagation Test requires five specimens to produce one
standard test.

b. Clarification (section 3.1): Burn length: the distance from the bottom of the
specimen to the farthest evidence of damage to the test specimen caused by flame
consumption as determined by visual observation, post-test examination, video of burn,
and/or other means.

c. Addition (section 3.8): Maximum Oxygen Concentration: The maximum
oxygen concentration at which at least five specimens pass the acceptance criteria of this
test.

d. Exception, addition (section 4):

(1) In addition, the ignited specimens shall not ignite the paper (produce
flaming combustion) below the test specimens, which would indicate that
the transfer of burning debris would have sufficient energy to ignite
adjacent materials.

(2) If, during a test, the paper used as an indication of the transfer of burning
debris ignites because of burning debris, subsequent burns during the same

material test shall be conducted without the paper.

This is done because the burning paper can inhibit the burning of the test
specimen.

Failure of any one specimen constitutes failure of the material in that test
environment.

e. Addition (section 4): Materials shall be tested in the worst-case configuration.

If the worst-case environment is uncertain, determination of the maximum oxygen
concentration is recommended.
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f. Additions (section 5.1):
(1) The test atmosphere shall consist of a mixture of oxygen and nitrogen, with
the oxygen level being the highest that the material could witness in use
conditions.

(2) The test gases shall be mixed thoroughly before testing a specimen.

The gases may be premixed before introduction of the gases into the test chamber or
mixed inside the test chamber.

g. Additions (section 5.1):

(1) When gases are mixed in the chamber, they shall be circulated with a fan
until a homogeneous mixture is attained, as determined by a gas analyzer.

(2) The test gases shall be verified for conformity with the specification
(including accuracy) for oxygen concentration to within +1.0 percent -0
percent of reading.

h. Addition (section 6.1): Testing may be conducted in a fume hood in air if the
above conditions can be met and the test results are verified against test chamber testing
results.

1. Addition (section 6.1): Air shall not be allowed to flow during tests.

J. Clarification (section 6.3): The term “ambient conditions” refers to an oxygen
concentration of 20.9 percent, a pressure of 101.4 kPa (14.7 psia), and a temperature of
23 (+5) °C [73 (£9) °F].

k. Exception (section 7.1, table 1): The minimum quantity of materials required
for testing shall be as indicated in table 3 of this document.

1. Exception (section 8.1b): All specimens shall be video recorded during testing.

m. Exception (section 8.2.1): The test specimen shall be subjected to vacuum no
less than 1 min but no more than 3 min.

n. Exception (section 8.2.1): The igniter shall be retracted from the test specimen
once the igniter extinguishes.
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0. Additions (section 8.2.2):

(1) Any flames emanating from the paper below the specimen shall be
observed and noted.

(2) The paper shall be supported by a non-flammable, non-conducting screen
material.
(3) Flame jets and sparks emanating from the specimen during combustion
shall be observed and recorded.
p. Addition: The test report (in the acceptable format) shall be submitted to MAPTIS.
7.2 Heat and Visible Smoke Release Rates (Test 2)

Test 2 is now a supplemental test. A description of the test method is provided in
Appendix A.1.

7.3  Flash Point of Liquids (Test 3)

Test 3 is now a supplemental test. A description of the test method is provided in
Appendix A.2.

7.4 Electrical Wire Insulation Flammability (Test 4)

VCS adopted and tailored.

7.4.1 Purpose

The purpose of this test is to determine whether an electrical wire insulation material, when
exposed to a standard ignition source, will self-extinguish and not transfer burning debris,
which can ignite adjacent materials.

7.4.2 Test Summary

a. The test shall evaluate the candidate wire insulation material in the worst-case
atmosphere to which the wire could be exposed on a NASA mission.

b. Five test specimens, each a wire equivalent to the candidate wire and having a

length of 1.2 m (48 in), with the active area being 300 mm (12 in) shall be tested one at a
time and mounted at a 15-degree angle from vertical in a test stand.
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c. The specimens shall be ignited at the bottom by an ignition system and allowed
to burn until each self-extinguishes.

d. The burn length, i.e., the linear distance of the consumed specimen, shall be
measured, and both the burn length and whether ignition of the paper occurred by a
transfer of burning debris shall be recorded on the test report.

7.4.3 Test Criteria

a. The wire test specimens shall meet the acceptance criteria of this test and be
considered self-extinguishing if both of the following conditions are met:

(1) No specimen insulation material of the five tested burns >15 cm (6 in).
(2) No test specimen propagates a flame by the transfer of burning debris.

b. Failure of any one specimen to meet both criteria [7.4.3.a.(1) and (2)] shall
constitute failure of the material.

The term “specimen” is used to indicate one standard-sized strand of a wire used for
testing. Five specimens produce a standard Electrical Wire Insulation Flammability Test.

7.4.4 Test Method

The test method described in ISO 14624-2, Space systems — Safety and compatibility of
materials — Part 2: Determination of flammability of electrical-wire insulation and
accessory materials, shall be followed for this test, with the following exceptions,
clarifications, and additions:

The relevant ISO 14624-2 sections are included in parentheses.

a. Exception (throughout): One test shall consist of five replicate, identical
specimen ignitions.

b. Exception (throughout): The minimum quantity of material required for testing is
listed in table 3 of this document.

c. Clarification (section 4.1): Burn length: the distance from the bottom of the
specimen as it sits in the test stand to the farthest evidence of damage to the specimen’s test
insulation material caused by flame consumption as determined by visual observation, post-
test examination, video of burn, and/or other means.
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d. Addition (section 4.3): Transfer of burning debris: movement of burning
particles from a burning specimen to adjacent materials with sufficient energy to ignite the
paper below the test specimen.

e. Addition (section 4): Maximum Oxygen Concentration: The maximum oxygen
concentration at which at least five specimens pass the acceptance criteria of this test.

f. Exception (section 6.1): A standard test shall consist of five wire specimens
tested.

g. Addition (section 6.1): In addition, the ignited wire test specimens shall not
ignite the paper (produce flaming combustion) below the test specimens, which would
indicate that the transfer of burning debris would have sufficient energy to ignite adjacent
materials.

h. Addition (section 6.1): If, during a test, the paper used as an indication of the
transfer of burning debris ignites because of burning debris, subsequent burns during testing
of the same wire specimens shall be conducted without the paper.

This is done because the burning paper can inhibit the burning of the wire test specimen.

1. Additions (section 6.1):

(1) Failure of any one specimen shall constitute failure of the wire in that test
environment.

(2) Wires shall be tested in the worst-case configuration.

If the worst-case environment is uncertain, determination of the maximum oxygen
concentration is recommended.

j. Additions (section 6.2.1):

(1) The test atmosphere shall consist of a mixture of oxygen and nitrogen, with
the oxygen level being the highest that the material could witness in use conditions.

(2) The test gases shall be mixed thoroughly before testing a specimen.

The gases may be premixed before introduction of the gases into the test chamber or may
be mixed inside the chamber.
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k. Additions (section 6.2.1):

(1) When gases are mixed in the chamber, they shall be circulated with a fan
until a homogeneous mixture is attained, as determined by a gas analyzer.

(2) The test gases shall be verified for conformity with the specification
(including accuracy) for oxygen concentration to within +1.0 percent -0

percent of reading.

1. Addition (section 6.3.1): Testing may be conducted in a fume hood if the above
conditions can be met and the test results are verified against test chamber testing results.

m. Addition (section 6.3.1): Air shall not be allowed to flow during tests.

n. Addition (section 6.3.3): The term “ambient conditions” refers to an oxygen
concentration of 20.9 percent, a pressure of 101.4 kPa (14.7 psia), and a temperature of
23 (+5) °C [73 (£9) °F].

o. Exception (section 6.5.1.4): All specimens shall be video recorded during
testing.

p. Addition (section 6.5.2.1): The test specimen shall be subjected to vacuum no
less than 1 min, but no more than 3 min.

g- Exception (section 6.5.2.1): The igniter shall be retracted from the test
specimen once the igniter extinguishes.

r. Additions (section 6.5.2.2):

(1) Flames emanating from the paper below the wire specimen shall be
observed and noted.

(2) The paper shall be supported by a non-flammable, non-conducting screen
material.

(3) Flame jets and sparks emanating from the specimen during combustion
shall be observed and recorded.

s. Exception (section 7): Alternate Wire Insulation Flammability Test in a Gas
Flow Environment, Test B, shall not be performed as Test 4.
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